Introduction
There are environmental and genetic sex-determinations in vertebrate species, and the sexes of most mammals and birds are determined by the composition of sex chromosomes in the zygotes. However, mammals and birds have different sex chromosome constitutions. Fox example, in mammals, sex chromosomes are XY in the male and XX in the female, and the development of testis is initiated by the expression of a dominant sex-determining gene SRY (sex-determining region of the Y chromosome) [1] ; whereas in birds, ZZ in the male and ZW in the female and the sex determination may rely on either a dominant gene in W chromosome or a gene in Z chromosome with dosage effect [2, 3] . Recently, several promising candidates of avian sex determination have been proposed, including DMRT1 (Double sex and Mab-3-related transcription factor 1), a Z-linked gene supporting the Z-dosage of avian sex determination [4] ; and two W-linked genes, ASW (avian sex-specific W-linked gene) and FET1 (female expressed transcription 1), being candidates for dominant female determinator [5, 6] .
Sex determination and sex differentiation in vertebrates result from the interplay of many genes in a network. Except the master switch controlling sex determination, there would be many other genes participating in sex differentiation during gonadal development. In mammals, some important genes related to gonadal development have been identified, and the functions of these genes had been verified by the mouse transgenic model and/or cell culture. In the last few years, a large number of new sexual differentially expressed genes have also been isolated from the developmental gonad of mouse by some high-throughput methods, such as suppression subtractive hybridization (SSH) or cDNA microarray, and this provides some information on genetic programs involved in mammalian sex differentiation [7, 8] . Based on the postulation that many of the underlying genetic mechanisms are likely conserved in the different vertebrate phyla [9] , some homologs involved in mammalian gonadal development, such as SF1 (Steroidogenic factor-1 gene), WT1 (Wilm's tumor gene), Sox9 (SRY-like HMG box gene 9), etc., have been isolated in chicken, and their expression profiles have also been studied during sex differentiation in the chicken embryos [10, 11] . Unfortunately, few avianspecific sex differentiation-related genes have been identified until now by using this comparative genome approach.
The comparative expression analysis of homologous genes during gonad development between chicken and mammal revealed that their temporal and spatial expression profiles between sexes were divergent in different phyla, although the sequence and expression positions were conserved [12, 13] . And a previous study indicated that the mechanisms of gonadal morphogenesis were not conserved between chicken and mouse [14] . It seems that the isolation of sexual differentially expressed genes in chicken gonad would be valuable to identify the candidates involved in sex determination and sex differentiation in birds during their gonadal development. SSH is an ideal technique to isolate new differentially expressed gene. Yamada et al. [15] isolated two known W-linked genes (SPIN-W and ATP5A1W) and two new W-linked genes from the chicken embryos earlier than the time of gonadal differentiation (Days 2-4) using this SSH method. However, chicken gonads derive from bipotential gonad early in development period at embryonic Day 3.5 as thickening along the ventromedial surface of the mesonephric kidneys, and the onset of gonadal sex differentiation appears histologically by Day 6.5, so the important sex-determining genes and sexually dimorphic genes would be expected to be expressed during this critical period.
In the present study, two subtractive cDNA libraries of chicken embryonic gonads between females and males during the critical period of sexual differentiation were constructed, and the characterization of sexual differentially expressed cDNA clones isolated from the two libraries were described; furthermore, the possible roles of some genes isolated in the process of chicken sex differentiation and gonad development were discussed.
Materials and Methods
Collection and sexing of chicken embryos Fertilized White Leghorn chicken (Gallus gallus) eggs were incubated under humid conditions at 37.88C. Embryos were removed from eggs at embryonic Days 3.5, 4, 4.5, 5, 5.5, and 6 (E3.5-E6) corresponding to Stages 23, 24, 25, 27, 28 , and 29, respectively, according to the criteria established by Hamburger and Hamilton [16] , and the urogenital systems (gonad and mesonephros from embryos larger than E5, but including other adjacent tissues from E3.5 to E4.5 embryos) were, respectively, excised and preserved in RNAwait (Fastgen, Beijing, China). Genomic DNA was extracted from a part of limb or tail tissue of each embryo for PCR sexing to amplify the W chromosome-specific, 360 bp EE0.6 sequence (a 0.6 kb EcoRI fragment), and an amplified 970 bp OVR (oocyte vitellogenesis receptor) fragment on Z chromosome was used as an internal control [17] .
Construction of subtracted library
Each of the 25-pair urogenital systems excised at each stage was pooled by sex to group as female or male, and the total RNA of each group was extracted by using Trizol reagent (Invitrogen, Carlsbad, CA, USA). A PolyAttract mRNA kit (Promega, Madison, WI, USA) was used to purify poly(A) mRNA from total RNA samples. To obtain genes that are higher expressed, respectively, in female and male embryos, the forward subtraction (female samples as tester and male as driver) and reverse subtraction (male as tester and female as driver) were performed with the PCR-Select TM cDNA Subtraction kit (Clontech, Mountain View, CA, USA) according to the manufacture's protocol. Briefly, 2 mg of mRNA, respectively, from female and male was used for the synthesis of double-strand cDNA by performing reverse transcription (RT). The tester and driver cDNA populations were digested with RsaI, then divided into two subpopulations and each one was ligated with Adaptor 1 and Adaptor 2R, respectively. Each tester pool was hybridized separately with an excess of driver cDNA for 8 h at 688C, then mixed together for a second subtractive hybridization at 688C overnight. After filling in the ends, differentially expressed molecules were selectively amplified by two rounds of PCR using primers specific to the adaptors. Second, 2 ml of PCR product from the forward subtraction and the reverse subtraction was cloned into the pGEM-T plasmid vector Isolation and characterization of sexual dimorphism genes (Promega) and transformed to competent DH5a Escherichia coli cells, respectively. The forward and reverse subtracted libraries were named as F-M cDNA library and M-F cDNA library, respectively. Dot-blot screening of subtracted cDNA Recombinant colonies were picked from the culture plates of the subtracted libraries, and individuals were PCR-amplified with the nested primers N1 and N2R (Clontech), which are specific for the adaptors ligated during SSH. PCR products were denatured and dotted onto the same position of two Hybond Nþ membranes (Amersham, Buckinghamshire, UK) with alkali fixation and ultraviolet cross-linking. The subtracted tester and un-subtracted driver cDNA were digested by RsaI to remove the adaptor sequences before labeling probes. Probes preparation, hybridization, and detection were performed according to the procedure of DIG high prime labeling and detection starter kit I (Roche, Basel, Switzerland). The membrane was pre-hybridized for 2 h at 688C and subsequently incubated with the DIG-labeled probes at 688C for 16 h. Afterwards, the membranes were washed twice with buffer 1 (2Â SSC, 0.1% SDS) for 5 min at room temperature and twice with buffer 2 (0.5Â SSC and 0.1% SDS) for 15 min at 688C. Hybridization signals in dot-blot membranes were imaged and quantified with the Quantity-one software (Bio-Rad Company, Hercules, CA, USA). The fragments that hybridized only with the labeled subtracted tester cDNA or showed at least 3-fold higher signals on these members compared with the signals on the membrane hybridized with the driver-labeled cDNA were subjected to sequencing analysis.
Sequencing and BLAST analysis
Sequencing of the insert in differentially expressed clones with SP6 or T7 primer was performed in Augct Company (Beijing, China) using an automated ABI3730 analyzer (Applied Biosystems, Foster City, CA, USA). After removal of vector, poor quality, and poly(A) sequences, cDNA sequences obtained have been submitted to the GenBank database under accession numbers ES605693-ES605844 and analyzed with GenBank database using the online computer BLAST program (http://ncbi.nih.nlm.gov/blast/). In the BLAST, chromosomal location, nucleotide homology, and EST homology of each cDNA sequence were obtained by aligning against chicken genome database, nr subdatabase of BLASTN (nucleotide-nucleotide BLAST) and chicken EST database [compared with those ESTs from chicken embryonic (Stage 29) gonad cDNA library and embryonic (Day 6.5) gonadal PGC cDNA library submitted, respectively, in 2005 and 2006] . Functions of homologous genes were predicted by referring to the data provided in GENE DATABASE (http://www. genatlas.org/) and Entrez Gene database in GenBank (http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene).
Sexually dimorphic expression of selected genes validated by qRT -PCR
To characterize the expression of genes functioning at the transcriptional or chromatin level identified by the SSH analysis, further expression patterns of eight selected genes in chicken embryonic gonad at separate developmental stages were performed by qRT-PCR with SYBR green-based detection. Primer sequences of these genes and housekeeping gene b-actin which is an internal control are shown in Table 1 . Fifteen to 20 pairs of gonads excised at E4-E8 were pooled by sex at each stage of development, the total RNA was then extracted from the embryonic gonads of each stage using Trizol reagent (Invitrogen). First-strand cDNA was synthesized using 2 mg of total RNA, and oligo d(T)15 as primers and MuLV RT by incubating the samples at 428C for 1.5 h. One microliter of the first-strand cDNA was used as a template in a 25 ml PCR system run on an iCycler iQ5 fluorescent detection system (Bio-Rad). The relative expression level of each gene was analyzed using 2 -DDCT method based on iQ TM 5 Real Time PCR Detection System, using the expression in male embryonic gonad at 8 days as the calibrate.
Results
cDNA clones in the two chicken embryonic subtracted libraries Initial screening of totally 900 cDNA clones in the subtracted libraries were performed by dot-blot analysis to select differentially expressed genes, and the comparative results of subtracted clones, respectively, hybridized with subtracted tester and un-subtracted driver cDNA probes are shown in Fig. 1 . Clones exhibiting significantly different expression between sexes were selected to perform sequencing. The cDNA fragments of 152 clones successfully sequenced from the two subtracted libraries were identified by homology analysis in GenBank database ( Table 2 ). In F-M library, 86 clones including 82 being identified and 4 homologous EST sequences represent 41 genes (8 clustered genes and 33 singlets). In M-F library, 66 clones including 29 being identified, Isolation and characterization of sexual dimorphism genes 12 homologous EST sequences, and 25 novel sequences represent 47 genes (10 clustered genes and 37 singlets).
Characterization of cDNA representing differentially expressed genes
The homolog of each differentially expressed clone from F-M and M-F libraries was obtained by blasting analysis, and genes having significantly similar homologs are listed in Tables 3 and 4 . In F-M library, 30 nuclear genes (except for the mitochondrial gene) are identified to be homologous to genes with known function, 28 of which have been previously described in chicken (in which Prohibitin is predicted by computer analysis) and PPP3CA and Frs2 being novel chicken genes. Among 10 known functional genes of M-F library, 7 genes have been reported in chicken, 2 genes (RBAF600 and anillin) are predicted to be similar to known genes, and only 1 novel gene is homologous to human PQBP1. Comparing the isolated genes in the two libraries, none of them appears in both subtracted libraries.
Based on the function of the homologous genes in mammals, 40 known genes identified here are predicted to involve in multiple biological processes. Comparative results show that three molecular categories such as 'c' in the first letter of the name of genes means 'chicken', indicating that these genes are chicken homologous to corresponding genes in mammals. Tables 3 and 4 ). There are five differentially expressed genes being assigned to sex chromosomes, including one gene (ATP5A1W) from F-M library on W, two genes (clone E045 and H500), and three genes (clone A041, A293, and A341), respectively, from F-M and M-F libraries on Z.
The cDNA sequences from the two subtracted libraries were compared with ESTs from chicken gonad and gPGC cDNA libraries (Fig. 2) . In F-M library, totally 91.86% (79 among 86) differentially expressed fragments, representing 33 unique genes, have their homology, of which 64 cDNA representing 23 unique genes have homology both in chicken gonad and gPGC cDNA libraries [ Fig. 2(A) ]. And in M-F library, 40.91% (27 among 66) cDNA representing 16 unique genes have homology in both or one of two reported gonad libraries.
Expression pattern of selected genes during embryonic gonad development
The relative expression patterns of the eight selected genes during chicken embryonic gonad development are shown in Fig. 3(A-H) . The similar feature in the expression of SMARCE1, CDK2AP1, SUDS3, and SAP18, four genes isolated from F-M library, was their expression in females being higher about three to four times more than that in males at E4, with no significant difference between two sexes subsequently [ Fig. 3(A-C,E) ]. To the PQBP1 gene isolated from M-F library, it also showed the significantly different expression at E4 with higher level in males, but its expression in males decreased to a very low level subsequently, and that in females remained lower level during the period investigated [ Fig. 3(G) ]. As shown in Fig. 3(D) , HMGN1 expression was down-regulated in both sexes remaining slightly higher level in females during E4-E8. For the other two genes from M-F library, BZW1 and TERF1, there was a little expression difference between two sexes, with slightly higher in males than females, respectively, during Days 5 and 6 on BZW1 [ Fig. 3(F) ] and during Days 4 and 5 on TERF1 [ Fig. 3(H) ].
Discussion
Blasting comparative results showed that 88 isolated genes represent a series of reported genes or novel genes in chicken. It is likely that those genes well established in vertebrate sex determination and sex differentiation, such as SOX9, SF1, DMRT1, WT1, have not been identified in the present study. The possible reasons are as follows: first, there was only part of cDNA having been sequenced from two subtracted libraries, and such molecules could be present in non-sequenced clones, and second, these genes would express at similar level in both sexes and had been eliminated during subtraction procedure. However, some genes involved in gonadal development in vertebrate identified recently and the comparison results of cDNA in subtracted libraries with ESTs in reported gonad-related libraries would provide useful reference to confirm the function of differentially expressed genes.
The W-linked gene, ATP5A1W, isolated from chicken female-enriched cDNA library with its redundancy as 4, also had been identified from the female-minus-male subtracted cDNA microarray which prepared from chicken embryos earlier than the time of gonadal differentiation (Days 2 -4) [15] . As we know, in the five known genes (CHD1, HINT, SPIN, ATP5A1, and FET1) located on W chromosome, HINTW (ASW/WPKCI) and FET1 have been considered to be candidate female-determining genes based on their female-specific expression [5, 6] . However, except the female-specific expression of ATP5A1W identified by SSH, almost nothing is known about the function of ATP5A1 during gonadal development. ATP5A1 has been identified to encode a subunit of mitochondrial ATP synthase and involve in a path of oxidative phosphorylation, the higher level of ATP5A1W expression in female, with the emergement of a large amount of mitochondrial genes, would be related to the energy metabolism during the period of sex differentiation. Recently, some genes belong to the HSP70 protein family (HSP70, HSC70a, and HSC71) had been found to function on gonad development. Akatsuka et al. [18] reported that the expression of HSP70 and HSC70a in Xenopus embryos increased following estradiol treatment in vitro during Stages 48-52 of development, and they suggested that these two genes might be related to female differentiation. However, HSC71 protein was found to be expressed in a male-specific manner during gonad development in mice, and this protein was assumed to be able to substitute the function of the closely related HSP70 that stabilized SOX9-SF1-WT1 protein complex [19] . In chicken, the expression pattern of HSC70 isolated from F-M library may be similar to that of the homolog in Xenopus but different from mice. In vertebrates, one of the most obvious morphological changes following gonadal differentiation is the size difference in gonad between female and male, and cell proliferation within a developmental window was necessary for the initiation of the male or female pathway [20] . The cell-cycle regulator CDK2AP1, which negatively regulate the activity of cyclin-dependent kinase 2 (CDK2), was found to be involved in cell apoptosis of gonads since its overexpression would lead to testicular and ovarian abnormalities in mice [21] . Another evidence is the female-specific overexpression of cyclin-dependent kinase inhibitors Cdkn1a and Cdkn1c at E11.5 and E12.5 in mice, which may result in the increasing proliferation of XY gonads relative to XX gonads [22] . Similar to the expression in mice, the higher expression appear in female chicken at the early embryonic stages, which showed by the results of CDK2AP1 being in the F-M library and the obvious higher expression in females at E4.
Another finding should be mentioned is that high expression level of mitochondrial transcripts found in F-M sequenced cDNA. The mitochondrial DNA is an extra-nucleus molecule, and the proteins encoded by mitochondrial genes generally function to provide energy for eukaryotic cells. Generally, mitochondrial genes detected in libraries were always thought to be invalid information. However, based on the assumption that the higher metabolic rate in male might be initiated by Y-chromosomal genes and early fast proliferation of male gonad, Mittwoch [23] suggested that mitochondrial genes could have important function during the XY embryo development in mammal. In chicken, females carry the ZW chromosome pair, perhaps the expression of those genes on W chromosome may initiate higher metabolic rate in female than in male, and consequently the increasing mitochondrial activity occurs in females at the early gonad development. In fact, it was found that more female embryos died in the early embryonic stage (E3-E7) in our previous study [24] , and the result of more mitochondrial gene express in the early embryonic development in female might explain the phenomenon of higher mortality in female embryos during the early incubation.
The regulation of gene expression in eukaryote may be modulated from DNA-RNA transcription to the posttranslational modification of a protein, of which the steps of epigenetic and transcriptional regulation are considered to be important in development biology. For example, Zheng et al. [25] indicated that genes functioned as epigenetic patterns (i.e. at chromatin level) would be important on initiating the cascades of the molecular pathways that regulate the differentiation of cell types and development processes. Also, many genes described in mammal gonadal development, such as SRY, SOX9, WT1, DMRT1, etc., are known as transcription factors functioning at the transcriptional level [26, 27] .
Among the isolated sexual differentially expressed genes, five genes functioning at chromatin level, i.e. SMARCE1, SAP18, FBXO9, SUDS3, and HMGN1 (HMG14), were first isolated from F-M library in chicken embryos. The functions of these genes involve in certain pattern of epigenetic regulation, including remodeling chromatin, histone deacetylation, protein ubiquitination, or producing active chromatin (source from Entrez Gene in NCBI). From the view of epigenetic, the chromatin is the first target of gene expression regulation in eukaryotes, and the changing of chromatic structure appears essential for establishing the ability to regulate gene transcription. In our study, we found that higher expression of genes which function at the chromatin level appeared in females, and the relative Isolation and characterization of sexual dimorphism genes expression of SMARCE1, SAP18, and SUDS3 in females had been validated to be obviously higher than that in males at the early stage of sex differentiation (E4), this may imply that the epigenetic regulation play important roles on initiating the differentiation of female embryonic gonad. The four genes, including SMARCE1, SAP18, SUDS3, and HMGN1 functioning in epigenetic regulation, as well as CDK2AP1 in F-M library and TERF1, PQBP1, and BZW1 in M-F, would participate the biological process of gene transcriptional regulation (source from Entrez Gene in NCBI). From the relative expression profiles, the expression of CDK2AP1, SMARCE1, SAP18, SUDS3, and PQBP1 appeared obviously different between sexes at E4 in chicken embryos; it seemed the transient regulation of these genes occurred at the early stage of the sexual differentiation in chicken gonad.
In conclusion, this study describes 88 sexual differentially expressed genes being isolated from chicken embryonic gonad libraries during the critical period of sex determination and sex differentiation. Through the functional comparative analysis and the expression information Isolation and characterization of sexual dimorphism genes in gonad (library) of these genes which function at multiple levels, the gonad development of chicken might involve in a series of important biological processes. Based on the candidate genes related to gonad differentiation or development process identified in other vertebrates, some genes discussed above functioning at epigenetic genetic regulation, gene transcriptional regulation, cell division and apoptosis, and energy need, etc. have been taken into account for further analysis. Data obtained in the present study would provide valuable clues to identify potential candidates involved in genetic mechanisms of chicken sex determination and ovarian and/or testicular development. In the further work, the exact expression patterns of selected genes will be analyzed by in situ hybridization, and the function of candidate genes in chicken sexual development would be proved by using loss of function or gain of function study.
